Introduction
Functionality and bulkiness are structural criteria typical of host molecules designed for guest separation. 1 Molecules meeting these requirements have been developed in a variety of geometric structures 2 including those resembling the shape of a wheel-and-axle 3 or a dumb-bell. 4 Usually, the rigid linear axle of the dumb-bell molecule features a sequence of ethynylene or 1,4-phenylene units or a combination of both while the ball-shaped terminal stoppers are bulky hydrocarbons such as adamantyl groups. 5 Owing to their particular structure, the dumb-bell-shaped hosts pack inefficiently leaving channels or voids that can accommodate organic guests of suitable size and chemical affinity. 4, 5 In a special kind of purpose-built host structures of the dumb-bell kind, chiral borneol moieties were employed as bulky terminal substituent groups in order to generate enantioseparation of guest molecules. 6 A typical example of this molecular design is the host (H), 2,2´-(benzene-1,4-diyl-diethynylene)diborneol, specified in Scheme 1. The ability of this host compound to include organic guests has been investigated before 7 and some preliminary results for enantioseparation of chiral guest species have been reported. 6a Nonetheless, challenging tasks with regard to the exploitation of this chiral host compound as a resolving agent are continuing. We present herein the structures of the inclusion compounds obtained with the title host and 2-methylcyclohexanone; and (RS)-2-butanol; 3H•2((RS)-2-BuOH) (6) (Scheme 1). The borneol moiety has three stereogenic centres at C1(R), C2(R) and C4(R) as a consequence of the natural D-(+)-camphor from which it was derived. The configuration at the three stereogenic centres was also confirmed by structure determination of the inclusion compounds containing the host compound and either (R)-2-butanol or (S)-2-butanol as an internal chiral reference. With the aid of Hirshfeld surface analysis, we analyse the packing in the structures and rationalise the results of the resolution experiments in terms of non-bonded interactions. 
Experimental
All chemicals were purchased from Sigma Aldrich and used without further purification. Single crystals of compounds 1-6 were prepared by dissolving the host compound in the appropriate guest and allowing the solvent to evaporate slowly. Colourless crystals were obtained after a few days.
X-ray Crystallography
Intensity data for compound 1, 2, 4, 5 and 6 were collected on a Bruker DUO APEX II diffractometer 8 with graphitemonochromated MoKα radiation (λ = 0.71073 Å) at 173K using an Oxford Cryostream 700. Data collection and cell refinement were performed using SAINT-Plus 9 and the space groups were determined from systematic absences using XPREP 10 and further justified by the refinement results. Accurate unit cell parameters were refined on all data. Intensity data for compound 3 were collected on the Nonius Kappa CCD single crystal X-ray diffractometer using graphite monochromated MoKα radiation (λ = 0.7107 Å, T = 173 K) generated by a Nonius FR590 generator at 50 kV and 30 mV. The intensity data were collected by the standard φ and omega scan techniques. The strategy for data collection was evaluated using COLLECT 11 software. Integration and scaling were performed using (DENZO and SCALEPACK). 12 The structures were solved using SHELXS-97 13 and refined using full-matrix least squares methods in SHELXL-97, within the X-Seed 14 graphical user interface. Non hydrogen atoms of the host compounds were refined anisotropically, while those belonging to the guest, were refined isotropically due to disorder. Except in structure 2, Hydroxyl hydrogen atoms were located in the difference electron density map and were fixed to calculated distances derived from the distance-dependent neutron-normalised method. 15 Hydroxyl hydrogen atoms in structure 2 could not be located in the difference electron density map and were placed at calculated positions. The hydrogen atoms bound to carbon atoms were placed at idealized positions and refined as riding atoms. Crystal data are given in Table 1 and hydrogen bonding details are given in 
Results and discussion
Inclusion compound 1, H•(2MCHN), derived from racemic 2-methylcyclohexanone crystallises in the orthorhombic space group P2 1 2 1 2 1 , Z=8, there are thus two hosts and two guest molecules in the asymmetric unit. The two guest molecules, labelled A and B, display disorder ( Fig. 1(a) ). Guest A was refined as two moieties with site occupancy factors of 69/31%, both with (S)-configuration and guest B was refined with site occupancy factors 72% (S)-and 28% (R)-configurations. Thus the overall enantiomeric excess in this structure is 72% (S). Please do not adjust margins the orthorhombic space group P2 1 2 1 2 1 , Z=8, with two host and two guest molecules in the asymmetric unit. The guest molecules have once again been labelled A and B as shown in Fig. 2 . The guest molecule A was modelled as (S)-3-methylcyclohexanone at full occupancy while guest B is disordered over two positions with 57% (S)-and 43% (R)-configuration. The molecules in structure 2 pack in a similar fashion as structure 1 (Fig. 1(b) ) with the guest molecules located in channels along the a axis. The structure is stabilised by (host) The compound crystallises in the triclinic space group P1, Z=1, with two guest and one host molecule in the asymmetric unit ( Fig. 3(a) ). Fig. 3(b) shows the packing diagram of 3 with guest molecules located in spaces between the host molecules parallel to the bc plane. The guests interact with the host via (host)-O-H•••O=C-(guest) interactions. Hydrogen bond details for structures 1-3 are given in Table 2 . types of cavities in the structures. Guest 1 is located in discrete voids whereas guest 2 is located in channels down the a axis. In structure 4 the void space and the contact surface comprises 2.2% and 11.8% of the unit cell volume respectively. This result is repeated in structures 5 and 6 (see ESI). In structure 6 the two guest molecules are each disordered over two positions. The disorder at each position was modelled as partially populated (R)-and (S)-2-butanol with equal occupancies. Hydrogen bond details for structures 4-6 are given in Table 2 Hirshfeld surface analysis
Compounds 4-6, 3H•2((S)-2-BuOH), 3H•2((R)-2-BuOH) and (3H•2((RS)-2-BuOH)) were grown by slow evaporation of solutions of the host in (S)-, (R)-and (RS)-2-butanol respectively. The three compounds crystallise in the same
In addition to conventional packing analysis, CrystalExplorer 17 was employed to further analyse structures 1 and 2 as well as 4-6. Fingerprint plots were generated for guest B in structure 1 and 2 (See ESI, Fig S1) . Inspection of the non-bonded interactions between the disordered guest B in structure 1, shows that the major 72%(S) is hydrogen bonded to the host, while the 28% (R) minor component is not. In structure 2, guest B (57%(S), 43%(R)) is disordered but shares a common position of the guest carbonyl oxygen. This accounts for the smaller difference in the enantiomeric excess between structures 1 and 2. Fig. 5 (a and b) show the 2D plots generated from the Hirshfeld surface of guest 1 and guest 2 of structure 4 respectively. Since the three structures are isostructural, only the 2D plots of the two guests in structure 4 are shown and those of structures 5 and 6 are given in the ESI (Fig. S1) (Fig. S2) . Fig. 5(c-d) shows the 2D plots of the Hirshfeld surface generated from the three hosts and two guests in the asymmetric unit for structures 4-6 Please do not adjust margins Please do not adjust margins where a, b, c and a′, b′, c′ are the orthogonalised unit cell parameters of the two structures. In our case the Π index for the three structures 4, 5 and 6, taken in pairs is always ˂0.009. In a previous study, 6a a similar type of host compound 2,2'-(anthracene-9,10-diyl-diethynylene) diborneol was employed in the resolution of (RS)-phenyloxirane. The resultant inclusion compound included only (S)-phenyloxirane. These results were attributed to the presence of a 'specificity pocket' within the crystal structure which positions the guest for hydrogen bonding as well as π•••π interactions. In the present study, the question that arises is: why does the title host not discriminate between (R)-and (S)-2-butanol? We surmise that these two enantiomers are not sufficiently different to act as discriminating templates in the formation of the inclusion compounds and that the host•••host recognition, by way of inter-host hydrogen bonds, forms a strong and stable framework in which the guest butanol molecules are accommodated irrespective of their chirality. This is evidenced by the similarity of the metrics of the hydrogen bonds (Table 2) in the three structures, the constancy of the maps of the non-bonded interactions shown in the fingerprint plots (Fig. 5 ) and in the volumes and topologies of the void guest space which were mapped. A similar effect was noted in the attempted resolution of 2-butylamine by a series of chiral host compounds, derived from tartaric acid, which were used singly or in combination. 19 
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Conclusions
In summary, the host compound 2,2´-(benzene-1,4-diyldiethynylene)diborneol was crystallised with racemic methylcyclohexanones as well racemic and enantiopure 2-butanol. An enantiomeric excess of 72% (S) and 57% (R) was achieved for 2-and 3-methylcyclohexanones respectively, as determined by crystallographic refinement. The host compound showed no discrimination when crystallised with racemic 2-butanol and the structures with racemic and enantiomerically pure 2-butanols are similar. This is attributed to the size of the guest 2-butanol molecules as well as the strong hydrogen bonds that direct the assembly of the host framework.
